Abstract Polyporoid and corticioid fungi are among the most important wood-decay fungi. Not only do they contribute to nutrient cycling by decomposing wood debris, but they are also valuable sources for natural products. Polyporoid and corticioid wood-inhabiting fungi were investigated in Odaesan National Park. Fruit bodies were collected and identified based on morphological and molecular analyses using 28S and internal transcribed spacer regions of DNA sequences. As a result, a total of 149 species, 69 genera, 22 families, and 11 orders were recognized. Half (74 species) of the species were polypores, and the other half (75 species) were corticioid fungi. Most of the species belonged to Polyporales (92 species) followed by Hymenochaetales (33 species) and Russulales (11 species). At the genus level, a high number of species was observed from Steccherinum, Hyphodontia, Phanerochaete, Postia, and Trametes. Concerning distribution, almost all the species could be found below 1,000 m, and only 20% of the species were observed from above 1,000 m. Stereum subtomentosum, Trametes versicolor, T. hirsuta, T. pubescens, Bjerkandera adusta, and Ganoderma applanatum had wide distribution areas. Deciduous wood was the preferred substrate for the collected species. Sixty-three species were new to this region, and 21 species were new to Korea, of which 17 species were described and illustrated.
218 Jang et al. are ongoing. Currently, about 200 polyporoid and 180 corticioid fungi have been reported [10] . Among them, about 64% have been recorded in national parks, according to the Korea National Park Research Institute [11] . National parks located in the Taebaek Mountain Range have especially high biodiversity, and three species of wood-decay fungiCerrena aurantiopora, Fomitopsis incarnatus, and Irpex hydnoides-are described based on the samples collected from the regions [12] [13] [14] .
For the identification of polyporoid and corticioid fungi, morphological features are examined and compared to those of known species. The molecular identification method of fungal fruiting bodies with 28S (large subunit; LSU) or internal transcribed spacer (ITS) regions of rDNA sequences has also been used to confirm the morphological identification results in recent works due to the high morphological similarities among closely related species [13, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . When nucleotide sequences are generated from the morphologically identified species, the molecular identification method can be used solely when the collected specimens are not suitable for morphological analysis. This method is widely used when fungal strains are identified [25] [26] [27] [28] [29] [30] . With the large number of LSU and ITS sequences of polyporoid and corticioid fungi available in public databases such as GenBank, it is possible to identify previously unreported fungal fruit bodies in the study sites.
Odaesan (Mt. Odae) National Park is one of the national parks located in the Taebaek Mountain Range, and ca. 91 species of polyporoid and corticioid wood-inhabiting fungi have been reported in this area [14, 24, [31] [32] [33] [34] [35] . However, only three species-Irpex hydnoides, Polyporus brumalis, and Polyporus tuberaster-were identified with the support of molecular analysis [14, 24] . To better understand the diversity of polyporoid and corticioid wood-inhabiting fungi, fruit bodies were collected in this region and identified using a combination of morphological and molecular methods. (2), (3), (4), (5), 9, 10, (11), (12), (13), (14), (15) Dongdaesan peaks ( Fig. 1 ). At least two independent surveys were performed for all locations. The study area is huge, and the mountain peaks in the study area are very high, so we did not collect all the observed fruit bodies. Instead, we divided the study area into 17 segments, and if possible, identified and listed the fruit bodies on site. Only the representative specimens of each species were collected for microscopic observation and DNA analysis.
Morphological identification of fruit bodies.
Macroscopic and microscopic features of fruit bodies were observed with the dried specimens according to Jang et al. [19] . All the measurements of microscopic characteristics were performed with slide preparations mounted in Melzer's reagent. The abbreviations used in this study are as follows: L = mean spore length, W = mean spore width, and Q = the ratio of L/W of the specimens studied. The two nomenclatural sources, Index Fungorum (http://www. indexfungorum.org/) and MycoBank (http://www.mycobank. org/), were referred for the taxonomic information of each species. When there were taxonomic conflicts, recent articles were followed. The studied specimens of polyporoid and corticioid fungi were deposited at the National Institute of Biological Resources, Korea (KB) and the Korea University Culture Collection, Korea (KUC).
Molecular identification of fruit bodies.
Genomic DNA extraction was performed from the representative specimens of each species using an AccuPrep Genomic DNA Extraction Kit (Bioneer, Daejeon, Korea). PCR reactions were performed using an AccuPower PCR Premix Kit (Bioneer) for LSU using the primers LR0R/LR3, LR0R/ LR5, or LR0R/LR7 [36] and/or for ITS using the primers ITS1F [37] /ITS4 [38] , or ITS1/ITS4 [38] . PCR amplification conditions followed Jang et al. [17] . PCR products were purified using an AccuPrep PCR Purification Kit (Bioneer). DNA sequencing was performed by the sequencing company, Macrogen Ltd. (Seoul, Korea). When the sequencing failed, purified PCR products were cloned using a TOPO TA Cloning Kit (Invitrogen, Carlsbad, CA, USA) according to [19] . The reliability of each node was evaluated by posterior probability. The tree was viewed using FigTree 1.4.0 (http://tree.bio.ed.ac.uk/software/figtree/).
RESULTS AND DISCUSSION
The diversity of the polyporoid and corticioid fungi. Through the surveys in Odaesan National Park, a total of 424 specimens were collected as voucher specimens. By combining morphological and molecular analyses, 149 species, 69 genera, 22 families, and 11 orders (without incertae sedis) were recognized, including the species identified on site ( Table 1, Fig. 2) . Half of the species (74 species) were polyporoid, and the other half (75 species) were corticioid fungi. The majority of the species belonged to Polyporales, accounting for 61.7% (92 species) of the total species, followed by Hymenochaetales (33 species, 22.1%) and Russulales (11 species, 7.4%). The number of observed species was high in the genera Steccherinum, Hyphodontia, Phanerochaete, Postia, and Trametes. 57 polyporoid and 42 corticioid fungi (66.4%) were identified to the species level. The rest of the species were identified to the genus level or above due to absence of microscopic features of the collected specimens, and lack of sequence information in GenBank. Further collection of the specimens are needed to properly identify the unidentified species.
The distribution of the polyporoid and corticioid fungi. The most widely distributed species was Stereum subtomentosum, which was found in all Segments. Moreover, [20] , they may simply be missed at low elevations. Postia sp. 4 may also be missed by chance below 1,000 m, or it might be found above 1,000 m because of its selectivity for Taxus cuspidata, which is only found in high altitudes. Similar results were observed by Gómez-Hernández et al. [43] (i.e., that species richness was high at low elevations (500~1,000 m) and low at high elevations (1,500~3,500 m) and certain species were only found at low or high elevations). In their study, these findings could be explained by environmental factors, such as slope and aspect, and biological factors, such as tree basal area (which was calculated by m 2 /ha). According to Büntgen et al. [44] , climatic factors, such as temperature and precipitation, also affected the fruiting of saprotrophic fungi. Microclimate, such as exposure to sunlight and soil moisture, is another important factor determining the species diversity of wood-decay fungi [45] . Although the abovementioned factors were not measured in this study, they might have affected the species distribution along the elevation gradient on Mt. Odae.
The substrates of the polyporoid and corticioid fungi. Each wood-decay fungus has a different host preference [46] . Although the wood substrates were not identified on many occasions, many species were found in deciduous wood (Fig. 3) . It was found that 94 species (46 polyporoid and 48 corticioid fungi, 63.1%) were exclusively found in deciduous wood. On the other hand, only 17 species (7 polyporoid and 10 corticioid fungi, 11.4%) were exclusively found in coniferous wood. Twenty species (12 polyporoid and 8 corticioid fungi, 13.4%) were found in both coniferous and deciduous wood, and the substrates were not determined from the remaining 18 species (9 polyporoid and 9 corticioid fungi, 12.1%).
The newly reported polyporoid and corticioid species in Korea. In order to confirm the species records, the species from all available materials (e.g., previous papers, reports, national databases) were compared to those found in this study. Among the recorded species in Odaesan National Park, two Heterobasidion species, Heterobasidion annosum and H. insulare, were listed [33] . However, a recent taxonomic and phylogenetic study of Korean Heterobasidion spp. revealed that those two species reported in Korea are actually H. ecrustosum and H. orientale [21] . As shown in Table 1 , H. orientale was found on Mt. Odae in this study.
Among the 99 identified species, 63 species were newly recorded in this region [14, 24, [31] [32] [33] [34] [35] (Fig. 2) . As for Fomitiporia punctata and Haploporus papyraceus, they are listed as Korean indigenous fungi in the database of KB, but there are actually no references reporting these two species. Gloeostereum incarnatum and Hydnocristella himantia are also listed as species of national parks, according to the Korea National Park Research Institute [11], but the reports cannot be validated, because no descriptions are provided. Therefore, the four above-mentioned species were regarded as newly reported species. Of the 21 species, we could not observe microscopic features of four species, Ceriporia bubalinomarginata, Hydnocristella himantia, Porotheleum fimbriatum, and Resinicium pinicola; thus only the rest 17 species were described and illustrated.
The proportions of the recorded, newly reported, and unidentified species. The proportions of the recorded species, newly reported species, and unidentified species differed between the two morphological groups (Fig. 4) . Concerning the polyporoid fungi, most of the species were recorded species (64.8%) followed by unidentified ones (23.0%) and newly reported ones (12.2%). On the other hand, most corticioid fungi were unidentified species (44.0%) followed by recorded ones (40.0%) and newly reported ones (16.0%). This suggests that the diversity of corticioid fungi was not represented well compared to that of polyporoid fungi (Fig. 4) . This might have been due to the size of the fruit bodies. Polyporoid fungi have conspicuous fruit bodies, and they can be detected easily even by a single survey. On the contrary, the fruit bodies of corticioid fungi are usually thin and small, and they are not as immediately recognizable as the fruit bodies of polyporoid fungi. For corticioid fungi, at least several surveys are recommended to detect all the fruit bodies in a study site and properly understand their diversity. Concerning the unidentified species, they were large in number among the corticioid fungi, and finding undescribed or unreported species among them was more likely.
This study shows the diversity of the wood-inhabiting polyporoid and corticioid fungi in Odaesan National Park. Although fruit body collection was performed only in the areas near the mountain trails along the elevation gradient, this revealed diverse polyporoid and corticioid fungi, including many previously unreported ones. The results of this study provide basic information on the distribution of the fungi in mountenous regions. They will form an important basis for further research in assessing the diversity of Korean polyporoid and corticioid fungi. (Fig. 6 ) Basidiocarp resupinate and confluent. Pores shallow, often incomplete, angular, 1~3 per mm; dissepiments dentate; pore surface smoke grey (2.5Y8/1) when dry. Marginal sterile zone indistinct, white. Hyphal system monomitic; generative hyphae simple septate, thin to slightly thickwalled, 2~4 µm wide. Cystidioles conical with narrow and round apex, basally simple septate, 21~25 × 4.5~6 µm. Gloeocystidia clavate, basally simple septate, pale yellowish in Melzer's reagent, 13~16 × 5~6 µm. Basidia short cylindrical, basally simple septate, 15~22 × 4.5~6.5 µm, with 4-sterigmata. (Fig. 7) Basidiocarp annual, resupinate, confluent. Pores round to irregular, 4 per mm; dissepiments thin, entire; pore surface cinnamon (7.5YR6/6-7/6) to buff (7.5YR8/4) when dry. Margin thin, white to cream. Context white to cream. Tubes concolorous with the pore surface. Hyphal system monomitic; generative hyphae without clamps, thin to slightly thick-walled, 2.5~4.5 µm wide, interwoven, encrusted by small crystals. Cystidia scattered, clavate, hyaline, 25~35 × 4.6~7 µm. Basidia clavate, with four sterigmata and a simple basal septum, 13~20.5 × 3.1~4.5 µm. Basidiospores allantoid, hyaline, smooth, thin-walled, (Fig. 9) Basidiome resupinate, effused, membranaceous. Hymenophore smooth, white to pale grey (2.5Y8/1). Margin with rhizomorphs. Hyphal system dimitic; generative hyphae with clamps, thin-walled, 1.5~2.5 µm wide; skeletal hyphae Table 1 ). The smooth and white hymenophore, rhizomorphs in the margin, and dimitic hyphal system with tubular cystidia are characteristic to F. rude. Fibricium sp. is characterized by its odontoid hymenophore and apically encrusted utriform cystidia. Basidiospores of Fibricium sp. were not observed.
Fomitiporia punctata (P. Karst.) Murrill, Lloydia 10: 254 (1947) (Fig. 10) Basidiocarp perennial, resupinate, effused, woody, difficult to separate from the substrate. Pores round, 5~6 per mm, mostly oblique, tubes up to 4 mm thick, distinctly stratified, about 1 mm thick in each layer; dissepiments entire; pore surface sepia (7.5YR4/3) to greyish sepia (7.5YR5/3) when dry. Sterile margin indistinct. Context sepia, very thin. Tubes concolorous with the pore surface. Hyphal system dimitic; generative hyphae without clamps, thin to slightly thick-walled, 1.5~3.5 µm wide; skeletal hyphae thick-walled with a distinct lumen, brown to yellowish, 3~5 µm wide. Cystidioles thin-walled, hyaline, ventricose with a tubular apex, 10~20 × 5~7 µm. Basidia broadly clavate, 4-sterigmate, and a simple basal septum, 13.5~17 × 7.5~9 µm. Basidiospores globose to subglobose, smooth, thick-walled, (5.6~) 6~7. (Fig. 11) Basidiocarp resupinate, effused, woody, difficult to separate from the substrate. Pores round, 5 per mm, tubes 2 mm thick; dissepiments entire; pore surface olivaceous (7.5YR3/ 2) to umber (7.5YR3/4) when dry. Margin cinnamon (7.5YR6/6). Context cinnamon, very thin. Tubes concolorous with the pore surface. Hyphal system dimitic; generative hyphae simple septate, hyaline to pale yellow, thin to slightly thick-walled, 1.5~3 µm wide; skeletal hyphae yellow to brown, thick-walled with a distinct lumen, 2.5~4.5 µm wide. Setae subulate, thick-walled, 25~41 × 5~7.5 µm. Basidia clavate, 4-sterigmate, 14~17 × 4.5~6.5 µm, simple-septate at the base. Basidiospores cylindrical, hyaline, smooth, and thin-walled, (5~) 5.5~7 (~7.6) × (1.8~) 2.1~2.7 µm (L = 6.27 µm, W = 2.30 µm, Q = 2.7), negative in Melzer's reagent. Basidiome reniform or flabellate, broadly attached to the substrate, ca. 9 × 6 cm, 0.5~1 cm thick when fresh, ca, 5 × 2.5 × 0.25 cm when dry, very hard. Pileus surface strigose, salmon (7.5YR8/4) to ochraceus (7.5YR7/8) when dry. Hymenophore irregularly rugulose or coarsely tuberculate, dark mouse grey (7.5YR3/1) to sepia (7.5YR3/3). (Fig. 13) Basidiocarp annual, resupinate, round, then confluent. Pores round to angular, 2~3 per mm; dissepiments entire; pore surface buff (10YR7/4-8/4) when dry. Sterile margin white. Context white. Tubes concolorous with the pore surface. Hyphal system dimitic; generative hyphae with clamp connections, hyaline, thin-walled, 1.5~2.5 µm wide; skeletal hyphae hyaline, thick-walled to almost solid, frequently branched, 1.5~4 µm wide. Cystidia none, fusoid cystidioles present, thin-walled, 15~25 × 4.5~7 µm, with a basal clamp. Basidia clavate, 4-sterigmate, 31~34 × 9.5~12 µm, with a basal clamp. Basidiospores ellipsoid to cylindrical, hyaline, tuberculate, thick-walled, (13.4~) 14~17 (~17. 4 (Fig. 14) Basidiome resupinate, adnate, effused. Hymenial surface white to orange white (10YR9/2), smooth to odontoid, cracked in some parts. Margin white to yellowish white (2.5Y9/1), thinning out, pruinose. Hyphal system monomitic; generative hyphae with clamp connections, hyaline, thinwalled, 2~3.5 µm wide. Cystidia scattered, subcylindrical, hyaline, thin-walled, 30~60 × 6~8.5 µm. Basidia narrowly (Fig. 19) Basidiocarp annual, resupinate, widely effused, adnate. Pores round to angular, 4~5 per mm; dissepiments lacerate; pore surface buff (10YR8/4-6), ochreous (10YR6/8) in some parts when dry. Margin white to light buff, finely fibrillose. Context thin, white to light buff. Tubes concolorous with the pore surface, up to 5 mm thick. Hyphal system dimitic; generative hyphae with clamps, thin-walled, 1.53 µm wide; skeletal hyphae thick-walled with a distinct lumen, 2.5~5 µm wide. Cystidioles thin-walled, hyaline, fusoid, 11~15 × 3.5~5 µm. Basidia clavate, 4-sterigmate with a basal clamp, 17.5~21.5 × 4.5~6. Notes: According to Gilbertson and Ryvarden [49] , Perenniporia narymica has weakly amyloid skeletal hyphae, however, the skeletal hyphae of the collected specimen is inamyloid. Except amyloidity of the skeletal hyphae, the characteristics of the studied specimen are consistent with P. narymica described by Gilbertson and Ryvarden [49] . Furthermore, phylogenetic analysis with ITS region sequences supports its identity (Fig. 2) . (Fig.  20) Basidiome resupinate, adnate. Hymenial surface odontoid to hydnoid, aculei conical to cylindrical, up to 1.5 mm long, rosy buff (7.5YR4/3) when dry, hymenium between aculei buff (10YR8/4), smooth. Margin not differentiated. Hyphal system monomitic; generative hyphae with clamps, thin-walled, 2~3 µm wide. Cystidia obclavate, tapering gradually toward the apex, sometimes with several small knobs at the apical part, 29~34 × 2.5~3.5 µm. Basidia narrowly clavate, 14~20 × 3.5~4.5 µm, 4-sterigmate, with a basal clamp. Basidiospores broadly ellipsoid, smooth, thin-walled, 3.54 .4 × 2.1~2.8 µm (L = 3.91 µm, W = 2.38 µm, Q = 1.6), negative in Melzer's reagent. Notes: Resinicium rimulosum is characterized by its rimose basidiome, vinaceous buff and odontoid hymenophore, the presence of halocystidia and asterocystidia, and ellipsoid basidiospores.
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